Consumption of camel milk and fermented dairy was associated with relatively higher CD4+ cell recovery after 1 year on ART (p > 0.050). In particular, participants who take soured camel milk demonstrate CD4+ cell counts close to > 500 cell / mm 3 after 1 year on ART. Long term CD4+ cell recovery was similarly improved (p = 0.051) in participants consuming fruit/vegetable diets. In contrast, consumption of other animal products had minimal impact on ART CD4+ cell count changes. Fermented or sour camel milk intake could enhance long-term ART immunological response. Deeper, systematic investigation is recommended to verify and establish potential ART-complimenting therapeutic benefits of camel dairy intake in HIV/AIDS patients.
INTRODUCTION
Despite persisting absence of a curative treatment, introduction of effective antiretroviral therapy (ART) has enabled substantial reduction in morbidity and mortality associated with human immunodeficiency virus (HIV) infection worldwide (Palella et al., 1998; WHO, 2006) . There are currently over 30 different ARV drugs used in various combinations (Misgena, 2011) . CD4 cell count and HIV viral RNA load estimation are key measures for gauging ART response, with former offering a more practical approach in resource poor settings (Hirigo et al., 2015; WHO, 2006) . The success of ART in enhancing clinical wellbeing and longevity is predicated on a wide range of factors including; patient characteristics (age, sex, education, income, etc) , ART program (accessibility, ARV type, regimen, timing, shifting, etc), CD4+ cell count at initiation of ART, viral load, clinical stage of AIDS, body mass index (BMI), strict adherence and monitoring of ART etc. (Hirigo et al., 2015; Misgena, 2011; Nash et al., 2008; Sieleunou et al., 2008 ). Malnutrition constitutes a major contributor to the persistent burden of immune status of human immunodeficiency virus infection and acquired immune deficiency syndrome (HIV/AIDS) in resource poor settings. AIDS patients who enroll in ART without adequate nutritional support have lower survival rates (Paton et al., 2006) . Meanwhile, different diets and nutrients have a direct interaction with ARVs which can alter ART response (Raiten et al., 2005) .
Micronutrients play important roles in maintaining immune function and neutralizing the reactive oxygen intermediates produced by activated macrophages and neutrophils in their response to microorganisms. Serum and plasma measurements of vitamins and trace elements, which are imperfect indicators of body stores, have shown that deficiencies are common among HIV infected persons, especially those who are underprivileged, such as women in developing countries, and injection-drug users. Furthermore, micronutrient supplementation strategies have shown promising potential in enhancing response to ART (Marston and De Cock, 2004) . Adequate protein, energy and micronutrient intake and absorption are essential for achieving the full benefits of antiretroviral therapy (ART) in boosting immune recovery. Moreover, different diets have a direct interaction with antiretroviral drugs (ARVs) which can alter ART response. Enhanced understanding of potential interactions between nutrition and ART is critical for promulgating contextual evidence-based practice guidelines (Raiten et al., 2005) .
Camel milk represents an important dietary resource for dry-land pastoralist societies. Moreover, pastoralist communities in Ethiopia traditionally prescribe the product as remedy to a range of human ailments including; gastritis, asthma, abdominal discomfort, HIV/AIDS, liver disease, tuberculosis, fever, urinary problems, common cold, diarrhea, nausea and diabetics (Asresie and Yusuf, 2014) . In fact, emerging scientific evidences supports broad antimicrobial and immune modulating activities (Wernery et al., 2012) which could be relevant to traditional indication of camel milk against HIV/AIDS. However, the nutritional and therapeutic values of camel dairy diets for HIV/AIDS patients have not been properly explored. Moreover, research on interactions between nutritional and HIV/AIDS challenges in Ethiopia's pastoralist areas is still limited.
Therefore, this study attempted to explore potential associations between the dietary trends and immunological response of HIV/AIDS positives undergoing ART at Karamara hospital in eastern Ethiopia. Accordingly, CD4+ cell count variability was tested according to the consumption pattern of different local diets (including camel dairy products) among ART patients.
METHODOLOGY
A pilot study was conducted at the Karamara hospital HIV clinic -in eastern Ethiopia between February and March, 2015. The study adopted a retrospective-exploratory design involving recall interview survey of ART patients and analysis of corresponding clinical records. Recovery of CD4+ cell count (speed and magnitude) and immunological response quality after ART represented dependent study variables. Basic demographic characteristics, ART history and dietary intake patterns of ART patients comprised the major independent study variables.
Study participants were selected from a sampling frame comprising HIV positives having a regular check-up and ART refill schedule at Karamara HIV/ART clinic during the study period. Patients older than 15 years and those with ART duration of 6 months or less were excluded from the sampling frame. A total of 100 potential participants were identified by a random lottery sampling method using the unique clinical ID of ART patients. Subsequently, 8 selected ART patients expressed unwillingness to take part in the study leaving a total of 92 participants.
A simple, structured format was prepared and tested for gathering relevant data pertaining to individual participants. An experienced counseling nurse well-known to the participants was trained on purpose and procedures of the study. On their next visit to the HIV/ART clinic, participants were interviewed by the counseling nurse to give recall account of their dietary intake patterns as summary of average trends for covering their entire ART period. Major parameters addressed included regular staple diets and consumption pattern of other diets including; dairy products (animal source, frequency and type of dairy), other animal proteins, vegetables and fruits. Demographic data, ART history (duration, interruption, etc) and serial CD4+ cell counts (baseline, 6 moth, 1 year and most recent ART intervals) of participant was also registered from clinical records. A total of 7 CD4+cell count records were missing including 2 (1 st year) and 5 (recent) ART interval records.
Baseline CD4+ counts were categorized in to three ranges that is, < 100 cells/mm WHO (2006) , ART immunologic failure was determined when CD4+ count falls to below the pre-therapy baseline, or below 50% of the on-peak value, or is persistently < 100 cells/mm.
Statistical analysis
Statistical analysis was conducted using statistical package for social sciences . Chi-square test was used to evaluate degree of associations between; demographic characteristics, dietary trends, ART history, baseline CD4+ count groups and ART immunological response quality. Independent effect of latter categorical variables on CD4+ count was performed by comparison of means using students't' test and one way ANOVA. Statistical significance was determined at p < 0.05.
RESULTS
The proportion of female participants (60.9%) was higher than (p = 0.037) that of males (39.1%). Meanwhile, fewer (p = 0.000) participants under 20 years (8.7%) were involved as compared to those aged 20 to 40 years (51.1%) or > 40 years (40.2%). The duration of ART was > 3 years, 1 to 3 years and < year for 72.8%, 21.7% and 5.4% participants, respectively (p = 0.000). History of treatment interruption was documented in 6 (6.5%) participants (4 females and 2 male aged > 20 years). The staple diets comprised of cereal (Teff, Wheat, Rice, Sorghum and/or Maize) products and pulses (Beans and Peas). Majority (p = 0.000) of participants consumed dairy diets > 2 times/ week (59.8%) or at less frequent intervals (28.3%). Dairy products from other animals (68.5%) was consumed more commonly (p = 0.000) than camel dairy (19.6%). All dairy consumers took pasteurized/boiled milk but few (10.9%) also took fermented dairy products including soured camel milk (4.4%). Other animal product (meat, egg or fish) and fruit/vegetable intake was reported by 46.1% and 40.2% participants, respectively. Dairy consumption trend did not vary across age and gender groups. However, intake of meat, egg or fish was higher (p = 0.039) in participants aged > 20 years (Table 1) .
A total of 350 CD4+ count records were documented and 7 records were missing for 1st year (2) and recent (5 (> 3 years) than recent ART stages. Treatment interruption reduced (p = 0.050) mean CD4+ count on recent (> 1 year) ART interval ( Table 2) . Consumption of non-dairy animal products was associated with lower baseline and higher ART mean CD4+ count, but these variations lacked statistical significance. Intake of fruit/vegetable diets was associated with somewhat higher (p = 0.051) mean CD4+ count on the > 1 year ART interval. Camel dairy consumers demonstrated relatively higher mean CD4+ counts under ART (p > 0.050). Likewise, long term (> 1 year ART interval) immune cell recovery was relatively higher (p > 0.050) among fermented dairy consumers (Table 3 ). In particular, participants who consumed soured camel milk demonstrate recent (> 1 year) ART interval CD4+ counts close to normal (> 500 cell / mm3) levels (Figure 2 ). According to standard world health organization (WHO) definitions, 5 (6.1%) participants had encountered long term (> 1 year) ART immunological failure. Long term ART immunological failure was associated with limited CD4+ count recovery during 1 st 6 months of ART and dropping CD4+ counts thereafter. Higher (p = 0.024) treatment failure risk was also noted in participants that interrupted treatment (33.3%) compared to strictly adherent patients (6.6%). None of the participants that reportedly consumed fermented dairy products encountered ART immunological failure (p > 0.050).
DISCUSSION
Higher female ART enrollment was previously noted at same clinic by Damtew et al. (2014) . Improving maternal -child health care services could facilitate better HIV detection and treatment in females. Low ART coverage among children (< 15 years) as well as ART nonadherence and follow-up loss are recognized challenges in Ethiopia (HAPCO, 2014) . Current observation of higher recent (< 3 years) baseline CD4+ count agrees with global trends (Nash et al., 2008) . This could reflect impact of the revised integrated HIV/AIDS treatment guideline encouraging ART enrolment at higher CD4+ count cut points (WHO, 2006) which was adopted by Ethiopia in December 2013 (HAPCO,2014) .
An important ART target is the recovery of immune competence (CD4+ cell count). This results from enhanced redistribution of reserve cells, recruitment of naïve T cells, and/or suppression of immune activation mediated apoptotic loss (Kaufmann et al., 2005) . ART CD4+ recovery generally occurs in two phases, including a rapid increase of cells during the first two months of therapy followed by slower but sustained increment thereafter (Autran et al., 1997) . In agreement, this study found significantly higher CD4+ recovery during the first 6 months of ART compared to subsequent intervals. Higher CD4+ recovery during first 6 months of ART was also reported in Ethiopia (Damtew et al., 2014; Alemu and Sebastián, 2010) and sub Saharan Africa (Lawn et al., 2006) .
In this study, patients with low (< 100 cells/mm 3 ) baseline CD4+ count were unable to regain a normal cell count (> 500 cells/mm3) after ART. In agreement, Nash et al. (2008) indicated that only patients initiating ART at baseline CD4+ count of > 200 cells / mm3 could be expected to achieve normal immune cell levels (near or above 500 cells/ mm3) and reduced risk of AIDS related morbidity and mortality. The study noted lower baseline, 6 months and one year CD4+ counts in ART patients over 40 years of age. A similar trend was reported in over 50 years ART recipients in southern Ethiopia (Hirigo et al., 2015) . Other had implicated such variations to aging related impairment of thymic function (Douek et al., 1998) and changes in CD4+ reconstitution (Stuart et al., 2002) . Another current observation involved significantly lowered recent (> 1 year) ART CD4+ count among patients with history of treatment interruption. ART non-adherence was associated to poor control of viral load (Misgena, 2011; Rougemont et al., 2009 ) which could foster destruction of immune cells.
In this study, intake of fruit/vegetable and non-dairy animal diets was noted in less than half of the participants. Whereas majority of participants did indicate dairy consumption, intake of camel dairy and fermented dairy products was limited. Consumption of camel dairy and fruit/vegetable diets was associated with relatively higher ART CD4+ recovery. Meanwhile, long term (> 1 year) ART CD4+ count was substantially better (>500 cells/ mm3) among participants consuming fermented camel dairy diets. Chronic malnutrition and nutrient deficiencies represent major contributors to elevated early mortality under ART in resource poor settings. Micronutrients (especially Vitamins A, B6 and B12, Iron and Zinc) play crucial roles in maintaining immune function and neutralizing reactive oxygen intermediates produced by activated macrophages and neutrophils in their response to microorganisms (Marston and De Cock, 2004) .
Therefore, the high vitamin (C, B1, B12 and A) and mineral (Na, Cl, Ca, Fe, Mg, etc) contents of camel milk (Al-Humaid et al., 2010) could enhance immunity and tissue protection in HIV/AIDS patients. Moreover, antibacterial and virocidal components (including; lysozyme, highly neutralizing immunoglobulins, lactoferin, lactoperoxidase, peptidoglycan recognition protein (PPR), Wakayo et al. 783 and N-acetyl glucosmainidase (NA Gase)) which abound in camel milk could facilitate control of infections and immune hyper-activation (Yagil, 2004) . Generally, the scientific world (Perdigon et al., 1995) and pastoralist communities (Asresie and Yusuf, 2014; Gizachew et al., 2014) have recognized fermented dairy products to be more nutritious and health promoting than fresh milk.
CONCLUSIONS
This study evidenced that consumption of camel milk, fermented dairy and vegetable/fruit diets tend to enhance long term ART immune response. In particular, soured camel milk consumption appears to enhance recovery of normal systemic CD4+ cell levels (>500 cells/ mm3) after > 1 year of ART. Further study is recommended to validate current observations giving better account to all potential confounders as well as in collaborating immunological findings with strong virological and clinical evidences.
